Introduction
Acinar cell carcinoma (ACC) is a rare malignancy that is typically localized to the pancreas or salivary glands. Approximately 98% of pancreatic tissue is composed of acinar cells which aid in pancreatic exocrine function [1] , however despite the abundance of this cell type, malignant transformation is uncommon. Overall, ACC represents 1-2% of adult malignancies [2] . Despite the wealth of data on pancreatic and salivary ACC in the literature, studies characterizing ACC arising in non-typical regions have not been overly documented. Most cases relate to malignant transformation and acinar differentiation of ectopic pancreatic tissue [3] [4] [5] .
Only a handful of documented cases report ACC originating in the liver, the first of which was documented in 2008 by Hervieu and colleagues [6] . ACC of hepatic origin has been sparingly stud- * Corresponding author. ied since its recognition. A clinicopathologic study of 4 patients [7] , magnetic resonance imaging (MRI) findings [8] , and two case reports of multimodal surgical and chemotherapeutic regimens [9, 10] have been documented previously.
To date, no report has demonstrated the utility of electron microscopy in establishing a diagnosis of primary hepatic ACC. It is evident that primary hepatic ACC remains an elusive diagnostic quandary where correct and early diagnosis may avoid a delay in treatment, guide targeted management, and improve patient outcomes. We report a case of primary hepatic ACC to further delineate a focused diagnostic workup surrounding the ultrastructural morphologic and molecular characteristics of this tumour. The aim of this study is to assist in future recognition of this rare disease and compile the previous case reports on primary hepatic ACC.
This work is in accordance with the Surgery CAse Report (SCARE) consensus guidelines [11] . 
Presentation of case
An 80-year-old Caucasian man presented in December 2017 to our institution after incidental imaging discovered a large tumour in liver segments II and III. The patient endorsed chronic progressive fatigue but denied abdominal pain or other constitutional symptoms of weight loss, fevers or night sweats. The past medical history was significant for multiple comorbid illnesses including: dilated cardiomyopathy with an ejection fraction of 40%, atrial fibrillation, hypertension, and history of deep vein thrombosis requiring lifelong warfarin anticoagulation. Also affecting this patient was an unknown interstitial nephritis that required a short duration of hemodialysis, monoclonal T-cell gammopathy, cholelithiasis, mild chronic obstructive pulmonary disease (COPD) as well as an unknown primary eosinophilic hematologic disease requiring treatment with azathioprine. There was a history of cigarette smoking of a pack per day for 35-40 years, however the patient had quit 20 years prior. Physical examination revealed a soft yet focally distended abdomen and a firm, nontender mass localized to the epigastrium.
Laboratory analysis only showed a mild elevation of GGT (111-124). Cancer markers including AFP and CEA were negative. A large, smooth, focal and well-circumscribed 7.7 × 11.1 x 10.4 cm mass (AP x transverse x cephalocaudal maximal dimensions) with septations and an internal central scar was visualized on gadolinium-enhanced MRI of the patient's liver (Fig. 1 ). The mass was not apparent on abdominal MRI or ultrasound just 19 months prior to the incidental discovery. The imaging characteristics on T1-weighted imaging included mild diffuse hepatic arterial enhancement, minimal portal venous washout and a clearly visible capsule that all strongly suggested fibrolamellar hepatocellular carcinoma (HCC). FNH was also made a possibility given a hyperintense central scar on T2-weighted imaging. A splenule identified as early as 5 years prior, was stable in size with features inconsistent for a possible primary lesion.
The patient underwent a left hepatic lobectomy and open cholecystectomy. Intraoperatively, the parenchymal transection was noted to be "bloodier than usual due to very fragile veins that were hard to dissect before they were already bleeding." The patient recovered well post-operatively without operative complications. An interdisciplinary team decision to not offer adjuvant chemotherapy was made given the unclear benefit and the patient's significant risk of deterioration. No local-regional or distant disease was identified on positron emission tomography (PET) scanning 3 and 10 months post-operatively (Fig. 2 ). The aforementioned splenule was again detected unchanged and equivalent in FDG avidity as the spleen. Case report presentations, imaging characteristics, and differential diagnoses of primary hepatic ACC in the literature are presented in Table 1 .
The preliminary pathology assessment was of a large tumour with negative margins that occupied 95% of the noncirrhotic left hepatic lobe. The tumour was made up of nested rosette-like acinar structures with elongated compressed cord-like vessels in between. Cells had fine granular eosinophilic cytoplasm, pale ovoid nuclei with nuclear grooves, and infrequent mitoses ( Fig. 3 ). Anastomosing acinar and trabeculated growth patterns were also observed ( Fig. 4) . Consistent with a rapidly growing tumour, 15% of MIB-1 cells were identified. The immunophenotype was atypical for HCC as there was no expression of HepPar1 or AFP with moderate expression of cytokeratin 7. Furthermore, ruling out cholangiocarcinoma, true gland-like structures with a developed lumen were not present in conjunction with a negative cytokeratin 19 ( Table 2) .
After light microscopy and immunostaining, the main differential included cholangiocarcinoma, HCC with microacinar pattern or primary hepatic ACC. On electron microscopy, round to polygonal cells contained numerous membrane-bound vesicles consistent with zymogen granules. Irregular filamentous bundles were identified and similar to that previous described for pancreatic ACC [12] . Occasional cells also demonstrated intracytoplasmic microvilli which indicated epithelial specialization (Fig. 5 ).
Discussion
Acinar cell carcinoma is a rare malignant neoplasm that may arise in uncommon locations such as in this case of a primary lesion confined to the liver. Patients with primary hepatic ACC typically present late either from incidental imaging or due to work-up of nonspecific symptoms. Up to 50% of patients may have metastatic disease at initial discovery [7] . Furthermore, current imaging modalities alone are insufficient for definitive diagnosis. Primary hepatic ACC may easily be confused for other malignant tumours such as HCC, cholangiocarcinoma, hypervascular metastases [7, 10] or misdiagnosed as benign entities like focal nodular hyperplasia (FNH) and hemangioma. Improper identification may therefore lead to absent or delayed treatment. This fact is reflected in the key imaging features of classic FNH that resemble hepatic ACC which include a homogenously iso-intense lesion with central scar on T2-weighted imaging. This pattern represents 80% of FNH cases where upon imaging recognition, if asymptomatic, no further treatment is necessary [13] .
Ultrastructural determination of primary hepatic ACC with electron microscopy in conjunction with immunohistochemical staining proved to be an invaluable adjunct for definitive diagnosis. Diagnostic criteria of primary hepatic ACC should include electron microscopy where available and is provided as followed: 1) acinar cell type morphology and architecture with a lumen containing periodic acid-Schiff (PAS)-positive secretion. 2) electron microscopic confirmation of secretory zymogen granules 3) immunohistochemistry demonstrating negative staining for liver cell types or HCC (negative HepPar1), for bile duct epithelium or cholangiocarcinoma (negative cytokeratin 19), or neuroendocrine tumour (negative Chromogranin and Synaptophysin). 4) Presence of positive stains for trypsin, chymotrypsin, or amylase [8] .
The mechanism in which acinar cells became localized to the liver and undergo malignant transformation remains unknown. One proposed mechanism of localization may be due to anomalous development and heterotopic displacement of pancreatic progenitors to the developing liver. The highest chance of occurrence would be the fourth week of embryologic development where the ventral pancreatic bud and hepatic diverticulum exist spatially adjacent to one another as outgrowths of the caudal portion of the foregut. Evidence for this mechanism was demonstrated by Terada and colleagues [14] where human post-mortem examinations were conducted to determine the proportion of specimens with intrahepatic heterotopic pancreatic tissue [14] . Of the 1000 specimens assessed, pancreatic acini-type differentiation was positive in 4.1% of livers lending to the anomalous development/heterotopia hypothesis.
A second candidate mechanism involved trans-differentiation of liver into acini-type pancreatic tissue. Kuo and colleagues examined human liver explants for the presence of pancreatic-type tissue. Similar to the post-mortem study by Terada and colleagues, 4.2% of explants contained pancreatic acini-type differentiated tissue [14, 15] . However, in positive liver explants for acinar tissue, the majority had been exposed to known in vivo inflammatory insults caused by viral hepatitis, HCC or cholangitis. It was surmised that pancreatic acini in liver explants were the result of metaplasia of hepatic progenitor cells through a reactive bile duct intermediary. Evidence supporting this metaplastic hypothesis included near identical immunohistochemical staining profiles between pancreatic acini-type tissue and the closely residing adjacent bile ductules (positive staining for chromogranin A, CK7, CK8, and CK19 with reactive CD56 positive) [15] . This profile was also interestingly obtained from differentiating hepatic progenitor cells in the liver explants. Notably, there was also an appreciable lack of detectable endocrine cells or islets of Langerhans which contradicted a heterotopic mechanism, lending to a metaplastic mechanism underlying acinar cell identification within the liver.
Conclusion
Primary hepatic ACC is a diagnosis that requires consideration. Specifically, masses with a central scar and MRI intensity patterns typical to more common lesions (HCC, cholangiocarcinoma, or FNH) should not be misidentified and may require more extensive workup to fully elucidate. Only five other reports of primary hepatic acinar cell carcinoma exist in the literature where pathology was essential in definitive diagnosis. Here, this report showcases the novel utility of electron microscopy for yielding ultrastructural diagnosis. This case represents an important identification of primary hepatic ACC with review of the previous cases to help aid future diagnosis and improve patient outcomes.
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